Purpose: Blood cultures form a critical part of evaluation of patients with suspected sepsis. The present study was undertaken to study the risk factors, duration of incubation for obtaining positive cultures, and the clinical impact of the culture report. Methods: A total of 220 samples from 107 pediatric patients presenting with suspected bacteraemia were processed aerobically. Results: Cultures were positive in 18.7% of the samples. Most of the positive cultures were obtained after 24 hours of incubation of the broth and no isolates were obtained beyond day 4 of incubation. Therapy was modiÞ ed in 54.23% of the patients after receipt of culture report. Conclusions: Incubation beyond four days (unless with speciÞ c indication like enteric fever) may be unnecessary for issuing a negative culture report. Repeated isolation of doubtful pathogens conÞ rms true bacteraemia. Early culture report increases therapeutic compliance.
The detection of microorganisms in a patient's blood has great diagnostic and prognostic significance. Blood cultures provide essential information for the evaluation of a variety of diseases like endocarditis, pneumonia, pyrexia of unknown origin and particularly, in patients with suspected sepsis.
1 Many infections in neonatal and pediatric age group can only be established on the basis of etiological agent recovered from blood. A positive blood culture does not necessarily conÞ rm infection, since contamination of blood can occur. The recovery of organisms traditionally considered as pathogens pose no problems in interpretation. However, recovery of organisms such as coagulase negative staphylococci (CoNS), Corynebacterium or Candida spp. is often difÞ cult to interpret.
2 Additional information like the density of bacteraemia, number of positive cultures, duration of incubation of the broth to obtain a positive culture, presence of risk factors or an underlying disease, is required in order to determine whether infection is truly present.
One key determinant in the ultimate outcome of patients with sepsis is institution of early and appropriate antimicrobial therapy. It is a common practice to institute early empirical therapy with broadspectrum antibiotics in patients presenting with clinical features suggestive of septicaemia or bacteraemia. Given the severity of septicaemia, such empirical therapy may be justiÞ ed, but the speciÞ c therapy based on the antibiogram of the isolate will deÞ nitely improve the therapeutic outcome.
Sometimes even after receiving antibiotic susceptibility report, physicians may prefer to maintain the original regimen in the setting of clinical improvement.
3 There is conß icting information on how much attention the physician should pay to the cultures and antibiotic susceptibility reports.
The present study was undertaken to identify the bacteriological proÞ le of bacteraemia in pediatric patients including neonates. An attempt has been made to identify the possible risk factors involved, to evaluate the importance of repeat isolation of bacteria of doubtful signiÞ cance, and to determine the maximum duration of incubation of culture broth with periodic subcultures to isolate the significant pathogens. All the patients were followed up for the impact of culture report.
Materials and Methods
The present study was carried out between March 2002 and March 2003 in the Department of Microbiology, Gandhi Hospital, Secunderabad. A total of 107 paediatric in-patients (less than 18 years of age) including 22 neonates were included in the study. Patients presented with prolonged fever or clinical impression of septicaemia/bacteraemia. Patients having prolonged fever in the postoperative period, despite antibiotic coverage were also included in the study. Detailed history was taken to identify the possible risk factors. History of antibiotic usage empirically either before or after admission was also obtained.
Blood samples for culture were collected following strict aseptic precautions. If empirical antibiotics were already started, the collection was timed before the next dose of antibiotic was due or about half an hour before the predicted peak of temperature. A second set was also collected in all patients about an hour later from a different venipuncture site. Three sets were collected in cases of suspected or sonographically diagnosed congenital heart disease. About 1 mL of blood in case of neonates and about 5 mL in case of children was collected in each set. Immediately after collection, the blood was inoculated into brain heart infusion (BHI) broth without switching needles. The bottles containing 10 mL of BHI broth were used in case of neonates and 50 mL were used for other children to allow 1:10 dilution.
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The culture bottles were incubated at 37°C aerobically. After overnight incubation, the samples were subcultured onto blood agar, MacConkey's agar, and chocolate agar. If there was no growth observed on the plates by the next day, subcultures were again repeated from the broth on day 3, day 4 and Þ nally on day 7. 4,6 If there was any growth, it was identiÞ ed and antibiotic susceptibility tests were performed according to the standard methods. The culture reports were issued and the patients were followed up for clinical impact and modiÞ cation of the therapy. ModiÞ cation of antibiotic therapy was defined as addition or discontinuation of an antimicrobial agent within 48 hours after in vitro sensitivities were available and, as indicated in records, a change in therapy based on the blood culture report.
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Results
A total of 220 samples from 107 children were processed. Cultures were positive in 26 (24.30%) in single set, but repeated isolation from second and/or third set conÞ rmed only 20 (Table 1 ). The culture positivity rate was observed to be highest in neonates (52.63%). Risk factors were identiÞ ed in 38 (35.51%) of the cases (Table 2 ). Administration of empirical antibiotics was already initiated by the time of collection of sample for culture in 71 (66.35%) of the cases. Of these, only 6 (8.45%) had positive cultures with delayed culture growth. The duration of incubation of the broth (24, 48 and 72 hours and 7 days) after which positive cultures were obtained on plating, was also noted (Table 3) . None of the cultures were positive beyond 72 hours of incubation of the broth. Almost all the isolates were sensitive to cephalosporins and amikacin, while one isolate of Staphylococcus aureus was resistant to β-lactams. All the culture reports were followed up and the clinical impact was studied in terms of change in antibiotic therapy (Table 4 ) and clinical outcome of the patients.
Discussion
Septicaemia is a clinical syndrome associated with considerable morbidity and mortality. The timely detection of bacteraemia can have a profound inß uence on the Þ nal clinical outcome. One blood culture set is rarely sufÞ cient to establish or rule out bacteraemia, and multiple cultures could maximize sensitivity.
8 A numerical scoring system has also been proposed to evaluate positive cultures in multiple sets to identify true bacteraemia. 9 We have processed 220 samples central venous catheter. The positive predictive value for the isolation of CoNS in the present study is 25%.
Isolation of S. aureus from blood usually signifies infection, but persistent bacteraemia has been observed only in two of three cases in the present study, who were having underlying cardiac pathology (Table 2 ). According to one study, up to 57% of cases where S. aureus was repeatedly isolated will have a cardiac pathology and all such patients with S. aureus bacteraemia should be thoroughly evaluated for the presence of any cardiac pathology as the cardiac vegetations serve as an important source of persistant S. aureus bacteraemia.
12 In contrast, Acinetobacter spp. is considered as a contaminant but it can cause septicaemia as well. We isolated Acinetobacter spp. from a case who presented with protein energy malnutrition and gastroenteritits. This isolate was also conÞ rmed by repeat isolation from the second set from a different venipuncture site.
Maternal factors should also be considered as contributory risk factors for neonatal septicaemias. We isolated Candida albicans from a case of neonatal septicaemia, where the mother of the baby was having vaginal candidiasis contributing to colonization of the baby. The baby was on empirical broad spectrum antibacterials, which would have contributed to invasive candidiasis. In recent years, an increased incidence of systemic fungal infections has been reported in hospitalized intensive care unit patients. Systemic candidiasis is commonest among them. An increased use of broad spectrum antibacterials, invasive lines, endotracheal tubes etc. in these patients helps Candida to bypass the natural barriers of infection and contributes to deep-seated infections with Candida spp. Systemic fungal infections, previously considered to be a rare complication, occur in as many as 5% of low birth-weight babies. They are even more frequently diagnosed in very low-birth-weight babies (VLBW) receiving intensive care. The sources of candidiasis in neonatal intensive care units are often endogenous following colonization of the babies with fungi. Candidaemia is deÞ ned as presence of positive blood culture for Candida spp, which Although any localized infection can disseminate to the blood stream, the most common primary foci are intravascular devices, the respiratory tract, the urinary tract and various intra-abdominal sites. The source of bacteraemia and fungaemia can not be determined in about one-third of the patients. 10 In the present study, risk factors were identiÞ ed in only 38 cases, of which 11 (28.94%) had positive cultures (χ 2 = 4.23, P < 0.05). The CoNS, previously considered as a contaminant, has been recognized increasingly as a cause of bacteraemia. The ascendance of this group of staphylococci has created increased interpretative difficulties for the clinician, since the great majority of CoNS isolates continue to represent contamination rather than true bacteraemia.
11 In the present study, CoNS was initially isolated in four cases, but repeat isolation conÞ rmed only one. This isolate was from a patient with postoperative wound infection and longstanding was conÞ rmed by another blood culture obtained from a peripheral venipuncture at a different site. [13] [14] [15] The presence of candidaemia in the present case has been conÞ rmed by the repeat isolation in the second set of blood cultures also.
Prior empirical antibiotic therapy before collection of the samples for culture may result in negative blood cultures. In the present study, empirical antibiotics were already started by the time of collection of samples for culture in 71 (66.35%) of the cases. Of these, only 6 (8.45%) had positive cultures as compared to 14 (38.89%) positive cultures from 36 patients who did not receive any antibiotics before collection of samples for blood culture (χ 2 = 9.33, P < 0.005). The duration of incubation of the broth to obtain a positive culture was observed to be more among the samples from the patients who were already on antibiotics by the time of collection. This was observed for one isolate each of Acinetobacter spp. and E. coli (Table 3) . Though this was an interesting Þ nding, the number was too small for a statistical evaluation for its signiÞ cance. Among the positive cultures, we have observed that 76.92% of cultures were positive by Þ rst subculture itself (after 24 hours of incubation of the BHI broth), 15.38% and 7.6% of the cultures were positive by second subculture (after 48 hours) and third subculture (after 72 hours), respectively, while virtually no isolates were obtained later (subculture on day 7). Reller et al., suggested that incubation beyond 7 days is generally unnecessary with relatively few clinically signiÞ cant isolates detected. 16 But, in a recent study, it has been shown that 99.5% of the isolates were detected by day 4 (after 72 hours of incubation of the BHI broth). The predictive value of blood cultures that were negative at day 4 was similar to that of waiting for seven days of processing before discontinuing therapy.
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The information provided by the culture report with antibiogram can help the clinician to initiate an effective regimen or change to a cost effective regimen. In one study, 22.4% of the patients were changed to a cost-effective therapy while no change was indicated in 55.2% of the patients. 3, 18 We observed that the treatment had been modiÞ ed in 54.23% of the cases (Table 4) after receipt of culture report. Though statistically not signiÞ cant (P > 0.05), this is an interesting Þ nding. The clinicians did not modify the treatment regimens in seven cases with positive cultures and 31 cases with negative cultures as the patients were progressing well with their "empirical" therapy and they have almost reached the end of a particular course of antibiotics by the time the culture report was received. All the patients with negative cultures recovered normally, while four neonates with positive cultures died of septicaemia. Ten patients left the hospital against medical advice, as the culture report (negative) was issued late (after 7 days of incubation of the broth) and the patients were prescribed expensive combination of antibiotics as empirical therapy, which might have been the contributory factors for their lower compliance. A constant rapport between the clinician and the microbiologist can reduce such noncompliance of the patients. The negative cultures were presumed to be due to anaerobic infections or antibiotic usage before collection of samples for culture or clinically overdiagnosing the bacteraemias as a prelude to avoid the risk of missing any true bacteraemias. The modiÞ cation of antibiotic therapy to a less aggressive and less expensive regimen (n = 8) or stopping the antibiotics completely (n = 38) after a negative culture report in these cases had no signiÞ cant inß uence on the clinical outcome but saved them from the burden of the cost and side effects of "empirical" antibiotics.
Blood cultures provide a valuable guide to the clinician in identifying the etiological agent and selecting an appropriate antibiotic. The isolates of doubtful pathogenicity have to be conÞ rmed by repeated isolation for better clinical correlation. Repeated isolation of S. aureus in blood cultures should prompt a thorough evaluation for any underlying cardiac pathology.
In a high burden and resource limited settings like several Government healthcare institutions in our country, four day processing of blood cultures would be sufÞ cient as the number of isolates obtained after four days would be virtually nil and processing beyond four days (unless there is a clear indication like enteric fever) does not justify the time and cost involved in processing the samples. In addition, this approach will save the patient from the cost and risks of prolonged hospital stay or cost and toxicity of "empirical" drugs. In fact, if the microbiology laboratory gives an early blood culture report, it would deÞ nitely increase the physician's compliance for which a constant coordination and rapport between the microbiologist and the clinician are extremely essential. ) .
